Keywords: ductus venosus intrauterine growth restriction pulsatility index resistance index umbilical vein a b s t r a c t
Introduction
Fetal health is one of the important subjects in public health, and congenital anomalies may have a significant impact on families and society. Antepartum fetal surveillance with Doppler ultrasound has shown significant diagnostic efficacy for hemodynamic complications, such as intrauterine growth restriction (IUGR) and preeclampsia, especially during the first trimester. Furthermore, it is a clinical standard to distinguish between small for gestational age (GA) and IUGR by evaluation of placental function [1] .
Umbilical circulation is one of the important circulations in the early stage of human embryos. Umbilical circulation supplies embryonic blood to the chorionic villi through two umbilical arteries located in the connecting stalk. Umbilical arteries connect the descending aorta with the capillary nets of the chorionic villi. After asymmetric development and regression of the right umbilical vein, the blood flow returns by only one umbilical vein. Then, the vein anastomoses with the portal vein and runs as a large canal into the inferior vena cava, which supports the main nutrition and oxygen for fetal growth [2] .
Extreme change in umbilical circulation may reflect severe anomalies, such as reversed end-diastolic flow (REDF) in the umbilical artery in early pregnancy, which, though rare, mostly occurs in association with major fetal vascular anomalies and cardiac defects, particularly tetralogy of Fallot with absent pulmonary valve syndrome, patent ductus arteriosus, cardiac septal defect, and even trisomy 18 or trisomy 13 [3] .
Several published studies have shown the trend of hemodynamic change of fetal circulation in the early stage of gestation [2, 4, 5] . Thus, it is important to establish a database and note the change in trend for Taiwanese pregnant women. The purpose of this study was to investigate the relationship between umbilical artery flow and the GA at 11e13 þ6 weeks in normal pregnancy in the Taiwanese population.
Methods

Patients
We evaluated 187 women with normal singleton pregnancy during their gestation from 11 to 13 þ6 weeks. Fetal age was calculated based on the last menstrual period and cross checked by sonographic measurement of the crownerump length. Of the 269 pregnant women, we excluded those patients without regular prenatal surveillance and birth records. Patients were also excluded if they had any disease during the study or received a regimen of tocolytic and antihypertensive agents during pregnancy. Pregnancy outcome was confirmed by reviewing hospital medical records. The study protocol was approved by the Institutional Review Board at Taipei Veterans General Hospital, and each participant in the study submitted a signed and approved informed consent form.
Ultrasound examination
All sonographic examination was performed with a Voluson 730 ultrasound machine (GE Healthcare, Milwaukee, WI, USA) equipped with a 4-to 8-MHz transducer. Color Doppler mode was chosen for evaluation of the umbilical artery. The flow velocities from the umbilical artery were measured with color Doppler imaging in the middle third of the umbilical cord. No angle correction for measuring the Doppler flow velocity was needed. At least three consecutive waveforms were recorded with insonation angle 30 if the typical umbilical artery waveform was observed (Fig. 1A) . We adjusted the sensitivity of wave tracing and the constant Doppler spectrum to optimize the velocity measurement, because the systolic wave (S wave) velocity was very sensitive to the angle between the Doppler beam and blood flow. The generated measurements included S wave, diastolic wave (D wave) velocity, pulsatility index (PI), and resistance index (RI) of the umbilical artery. The PI and RI values were generated using the formulae of (SÀD)/TA max and (SÀD)/S, respectively. Because we could not differentiate the systolic phase from the diastolic phase of the umbilical vein, owing to its low variability of velocity, the corresponding mean velocity of the umbilical vein was calculated, which is defined as the mean of corresponding velocities of the umbilical vein recorded at the systolic phase and end-diastolic phase of the umbilical artery (Fig. 1B) .
Statistical analysis
The data consolidation was performed with Excel (Microsoft, Redmond, WA, USA), and computation analysis was performed using SPSS for Windows, version 15.0 (SPSS Inc., Chicago, IL, USA). Regression analyses were applied to evaluate the relationships among the Doppler measurements and GA. Pearson's correlation coefficient was selected to show the degree of correlation between measurements.
Results
Data of the 187 eligible participants fulfilling the inclusion and exclusion criteria were analyzed. The mean maternal age was 31 (range 19e45) years, corresponding to a mean GA of 12 þ4 (range 11e13 þ6 ) weeks. Maternal and fetal demographic data of this study are shown in Table 1 . Reference curves for the umbilical vessels 
Discussion
Decreased PI represents the increasing fetal cardiac output and decreasing placental vascular impedance, which ensure sufficient placental perfusion and fetal growth. The increase of S-wave velocity may reflect expansion of the blood volume of umbilicoplacental circulation, corresponding to increased fetal cardiac output with GA. To the best of our knowledge, this is the first study of first trimester fetal flowmetry in a Chinese population. In our currently studied Taiwanese fetal group, the S-wave velocity of the umbilical artery increased with GA, whereas the PI of the umbilical artery decreased. We also compared our work with previous studies (Table 2) , and similar results were noticed [2,4e7] . Two large studies, Arduini et al and Wloch et al proved that the decreased PI might enhance the blood supply of fetal growth from the mid-first trimester (7 weeks) to the early second trimester (16 weeks). Nevertheless, they did not evaluate the umbilical artery Swave velocity, which could be another important factor influencing early fetal growth. The study conducted by Merc e et al revealed results that were identical to our study. Nevertheless, their study number was smaller and the range of GA (4e15 weeks) was much more extensive than our group. Our study only focused on the late first trimester while nuchal translucency screening was performed. The vascular indices might be different between fetuses with normal and abnormal chromosomes. In addition, we did not collect any fetuses with chromosomal anomalies, which made our project hard to evaluate. The differences of S wave and PI between the lowrisk group and high-risk group of maternal cardiovascular disorder, for example, pregnancy-induced hypertension and preeclampsia, are still unknown, as the studied number is small.
In this study, the absence of end-diastolic flow (AEDF) in the umbilical artery was seen in a majority of the study group (90.1%) with no REDF. Similar results have also been reported in previous studies [3, 6] . Therefore, the AEDF in the umbilical artery may be normal in early pregnancy. By contrast, REDF between the 10th and 14th weeks of gestation is very rare and mostly implies abnormalities, such as chromosomal anomalies and isolated cardiac defects, which resulted in terminations of pregnancy or fetal death [3] . Sometimes, REDF was seen in normal pregnancy [7] .
There were some limitations in our study. First, the number of cases was not sufficient for us to draw the "reference curve" of the umbilical artery of the Taiwanese fetal group. Second, we only collected a few abnormal fetuses (such as IUGR and preeclampsia; data not shown in this paper), which made it difficult to compare the differences between normal and abnormal groups. The future research will be to increase studied numbers and complete the reference curve, which will make the comparison of normal and abnormal fetal circulation possible.
In conclusion, Doppler studies in early pregnancy provide important information on fetal hemodynamics in less invasive way. Our study showed Doppler velocimetry of umbilical arteries is a good and important tool to assess the fetal hemodynamics in the first and early second trimester of pregnancy. Further studies with a larger number of cases and longer term of GA are needed to establish the reference range of the Taiwanese population. 
